Introduction
Dysmenorrhea is characterized by pain that predominantly occurs in the lower abdomen, but can radiate to the thighs and back, and is experienced during the menstrual period. In some cases, other systemic symptoms such as nausea, vomiting, and breast pain may be present. disease is identified, it is commonly classified as secondary dysmenorrhea. Primary dysmenorrhea is considered to be caused by contraction of the uterine smooth muscle that is induced by excess secretion of prostaglandin associated with changes in hormone levels, and consequent ischemia and distal nerve stimulation. 3, 4 In those with dysmenorrhea and coexisting organic diseases, production of inflammatory substances in the abdominal cavity due to endometriosis, uterine abnormal contractions due to uterine fibroids, and bleeding from the myometrium due to uterine adenomyosis are all considered to be contributory causes for dysmenorrhea. In some cases, however, the causal relationship between the symptoms of dysmenorrhea and underlying organic disease is unclear.
For patients with dysmenorrhea and coexisting organic disease, physicians may select surgery, depending on the underlying condition and the diagnosis. When alleviation of symptoms is considered clinically important, treatment options are based on those used for patients with primary dysmenorrhea (ie, without organic disease). The most commonly used treatments include nonsteroidal anti-inflammatory drugs and combined (estrogen/progestin) hormonal contraceptives. [1] [2] [3] [4] Until now, however, the efficacy of combined hormonal contraceptives has usually been examined in patients with primary and secondary dysmenorrhea separately.
Japan is the first country to approve ethinylestradiol (EE)/ drospirenone (DRSP) as a low-dose combined hormonal contraceptive with a specific indication for the treatment of dysmenorrhea. The use of EE/DRSP is not limited by the presence of coexisting organic disease when relief of symptoms is prioritized. DRSP is a novel α-spirolactone derivative that has a receptor-binding profile similar to that of natural progesterone, but is different from other synthetic progestogens. DRSP not only has progestogenic effects but also antimineralocorticoid and antiandrogenic effects. 5 EE/ DRSP is administered in a 24/4-day regimen (24 days of active treatment followed by a 4-day hormone-free interval) rather than the more commonly used 21/7-day regimen (21 days of active treatment followed by a 7-day hormonefree interval). Because the hormone-free interval is shorter and the fluctuation of endogenous hormone levels is smaller, the 24/4-day regimen is expected to inhibit follicular maturation more strongly during the hormone-free interval, and to inhibit ovulation, often a cause of dysmenorrhea, more reliably than 21/7-day regimens. 6, 7 To investigate the efficacy and safety of EE 0.02 mg/DRSP 3 mg for treating both primary and secondary dysmenorrhea in Japanese women, two randomized, controlled clinical trials were conducted. The first was a 16-week double-blind, randomized, placebo-controlled, comparative study (Comparative study) that investigated the optimal dose of DRSP required and aimed to confirm the efficacy of EE/DRSP in treating dysmenorrhea. The second was a 52-week single-blind, randomized, activecontrolled study (Long-term study) that investigated the intracyclic bleeding profile of EE and its long-term safety in patients with dysmenorrhea treated by EE/DRSP for 52 weeks.
Results from these studies have been published in Japanese domestic journals, in the Japanese language, and demonstrated that EE/DRSP was effective in alleviating symptoms and generally well tolerated over 13 cycles in patients with primary or secondary dysmenorrhea. 8, 9 The present study aimed to clarify, by reanalyzing these two clinical studies, whether or not the presence of specific coexisting diseases (ie, endometriosis, uterine fibroids, and uterine adenomyosis) can modulate the effect of EE/DRSP on symptoms seen in patients with dysmenorrhea.
Materials and methods study design
The rationale, design, and conduct of the two studies have been reported previously. 8, 9 In brief, both the Comparative (undertaken in 12 study centers from July 2007 to January 2009; ClinicalTrials.gov identifier NCT00511797) and Long-term (undertaken in 26 study centers from February 2007 to August 2009; NCT00461305) studies were conducted with approval of the study protocols by the institutional review board at each study center and in accordance with the International Conference on Harmonization Good Clinical Practice guidelines. Written informed consent was obtained from all patients prior to study entry.
study participants
Both studies included women aged 20 years or older with a total dysmenorrhea score (described in detail below) of at least 3 points. The patients also had to have normal menstrual cycles (cycle length of 28±3 days for the Comparative study and 25-38 days for the Long-term study) in the last two menses prior to enrollment and desire contraceptive protection. To identify specific coexisting organic diseases (ie, secondary dysmenorrhea), all patients underwent gynecological examination, including bimanual examination and diagnostic imagining (transvaginal ultrasound).
study treatments
In the Comparative study, patients were randomly assigned to one of four treatment groups for 4 cycles: ; Bayer HealthCare Pharmaceuticals, Berlin, Germany), or placebo. In the Long-term study, patients were randomly assigned to either EE 0.03 mg/DRSP 3 mg for six cycles or EE 0.02 mg/DRSP 3 mg for 13 cycles. In both studies, patients were administered active tablets (or all placebo in the placebo group) once daily for 24 days, followed by inert tablets once daily for 4 days in a 28-day cycle. Irrespective of whether or not withdrawal bleeding had finished, the next cycle was then started from the 29th day and the same tablet intake repeated for all subsequent cycles. Although concomitant drug use was restricted in both studies to those usually prohibited in clinical trials of hormonal drugs, patients were permitted to use their regular analgesics, if necessary. Only data from the EE 0.02 mg/DRSP 3 mg groups in both studies, as the approved optimal dose for the treatment of patients with dysmenorrhea, and placebo group are presented in this report.
Efficacy evaluations Dysmenorrhea score
The total dysmenorrhea score 10 is a rating scale based on the verbal rating scales of Andersch and Milson 11 and Biberoglu and Behrman, 12 and consists of both the severity of dysmenorrhea evaluated from the aspects of activities of daily living and the use of analgesics. In both studies, the severity of dysmenorrhea was scored using the following criteria: 0, none (none); 1, mild (slightly interferes with work [including schoolwork or housework]); 2, moderate (interferes sufficiently with work [including schoolwork or housework] such that the patient wants to lie down and rest); and 3, severe (necessary to stay in bed all day, cannot do any work [including schoolwork or housework]). The use of analgesics was scored using the following criteria: 0, none (none); 1, mild (used analgesics for 1 day during the previous [or current] menstrual period); 2, moderate (used analgesics for 2 days during the previous [or current] menstrual period); and 3, severe (used analgesics for 3 days or more during the previous [or current] menstrual period). The total dysmenorrhea score (range 0 to 6) is the sum of the two subscores for the severity of dysmenorrhea and use of analgesics.
Visual analog scale for dysmenorrhea
In both studies, the severity of pain during menstruation was evaluated using the visual analog scale (VAS) for dysmenorrhea. The VAS uses an unmarked scale on a line of 100 mm in length, where 0 mm represents "no pain" and 100 mm represents "worst pain a patient has ever experienced". The VAS score was, therefore, determined by measuring in millimeters (scale 0-100 mm) from the lefthand end of the line to the point that the patient marked.
severity of lower abdominal pain, low back pain, headache, and nausea or vomiting
In both studies, the severity of lower abdominal pain, low back pain (lumbago), headache, and nausea or vomiting during menstruation was rated using the following criteria: none (none), mild (can be easily endured), moderate (noticeable, but does not interfere with daily activities), and severe (interferes with daily activities).
serum hormone levels and endometrial thickness
In the Comparative study only, the serum estradiol levels in the follicular phase, serum progesterone levels in the luteal phase, and endometrial thickness were measured at baseline and cycle 4.
safety evaluations
For both studies, all reported adverse events (including any abnormal laboratory values) were recorded and assessed. Adverse drug reactions were defined as adverse events for which a causal relationship to the study drug could not be ruled out (ie, other than those considered "none") by the investigators or subinvestigators.
statistical analysis
For the Comparative study, the population sample size was determined to be 232 patients (58 per treatment arm) based on the following assumptions: a dropout rate of 15%; a placebo group effect of -1.5; an EE/DRSP group treatment effect of -2.5; an equal number of patients in all treatment groups; a common standard deviation of 1.5; a significance level of α=2.5% (one-sided); and a power of 90% for the one-sided t-test of the hypothesis that EE/DRSP is better than placebo versus the alternative hypothesis that EE/DRSP is worse than placebo at a significance level of 2.5%. For the Long-term study, in order to assess the long-term safety of EE 0.02 mg/DRSP 3 mg, at least 300 patients for 6 months and 100 patients for one year were required. The population sample size was determined to be 330 patients in this group assuming a dropout rate of 10%.
The comparison between the values prior to administration of the study drug and those after administration of the study drug were analyzed by a one-sample t-test. 0.02 mg/DRSP 3 mg and placebo groups in the Comparative study. All significance levels were 5% (two-sided).
A two-sample t-test was used for the comparison between EE

Results
The Comparative study enrolled 249 patients of whom 61 received EE 0.02 mg/DRSP 3 mg and 58 received placebo, while the Long-term study enrolled 420 patients of whom 349 received EE 0.02 mg/DRSP 3 mg. All patients who received EE 0.02 mg/DRSP 3 mg and placebo were included in the full analysis set, which was used for efficacy and safety evaluations. In total, 51 (83.6%) patients who received EE/ DRSP and 47 (81.0%) patients who received placebo in the Comparative study and 254 (72.8%) patients who received EE/DRSP in the Long-term study completed the studies. The demographic and baseline characteristics of the patients who received EE 0.02 mg/DRSP 3 mg or placebo in the Comparative study and EE 0.02 mg/DRSP 3 mg in the Long-term study are shown in Table 1 . In general, there were no considerable differences in patient characteristics between the Comparative and Long-term studies or between the EE/ DRSP and placebo groups in the Comparative study. Of the patients in the EE 0.02 mg/DRSP 3 mg groups, 42 (68.9%) in the Comparative study and 273 (78.2%) in the Long-term study had no coexisting organic diseases (Table 2 ). Table 2 also shows the number and proportion of patients with specific coexisting organic diseases (endometriosis, uterine fibroids, uterine adenomyosis, and other [which included bicornuate uterus, multiple endometrial polyp, endometrial polyp, and uterine enlargement]). In some patients, two or more coexisting organic diseases were found simultaneously.
The changes over time in the total dysmenorrhea score are shown in Figure 1 . In the Comparative study, the total dysmenorrhea score significantly (P,0.001) decreased from baseline to cycle 1 and this significant decrease was maintained in all cycles until the end of the study in both the EE/ DRSP and placebo groups ( Figure 1A) . For all cycles, the change from baseline in the total dysmenorrhea score was significantly greater in the EE/DRSP group than in the placebo group. In the Long-term study, decreases from baseline in the total dysmenorrhea score were maintained throughout the study from cycle 1 to cycle 13 ( Figure 1B) .
The VAS for dysmenorrheic pain at baseline (before administration of EE/DRSP or placebo) and up to cycle 4 (after administration of treatment) are shown in Figure 2A for the Comparative study and at baseline and up to cycle 13 in Figure 2B for the Long-term study. The treatment-dependent changes in the VAS for dysmenorrheic pain were similar to those observed for the total dysmenorrhea score. In the Comparative study, treatment with EE/DRSP significantly (P,0.001) improved dysmenorrhea as measured by VAS compared with the placebo group. A similar improvement was observed in the Long-term study. In the Long-term study, when stratifying according to the absence or presence of specific coexisting organic diseases, the decrease in the VAS for dysmenorrhea score from baseline was significant (P,0.001) for all Time-dependent changes in total dysmenorrhea score in patients with dysmenorrhea. Notes: For (A) and (B) ***P,0.001 for changes in total dysmenorrhea score from baseline to individual time points. In the Comparative study, EE/DRSP was also significantly different to placebo at each time point. after administration refers to a follow-up visit after last treatment administration. Abbreviation: ee/DrsP, ethinylestradiol/drospirenone. patient groups irrespective of coexisting organic diseases (eg, endometriosis, uterine fibroids, and adenomyosis). The effect was maintained throughout 13 cycles of treatment in all patient groups (Figure 3) .
Changes in the severity of lower abdominal pain, low back pain, headache, and nausea or vomiting during menstruation in the Comparative study are shown in Figure 4A . Although the incidences of these symptoms were different at baseline, moderate or severe symptoms were much more markedly improved after treatment with EE/DRSP compared with placebo. Figure 4B shows the changes in severity of lower abdominal pain, low back pain, headache, and nausea or vomiting during menstruation in patients with dysmenorrhea from baseline to cycle 13 in the Long-term study, which is stratified according to those with and without coexisting organic diseases. As in the Comparative study, although the incidences of the symptoms were different at baseline, moderate or severe symptoms were markedly improved after treatment with EE/DRSP and the effect was sustained over 13 cycles. No substantial difference due to coexisting organic diseases (eg, endometriosis, uterine fibroids, and adenomyosis) was observed in improvement of symptoms by treatment with EE/DRSP.
After treatment with EE/DRSP, all except two patients showed estradiol levels of 100 pg/mL or lower in the Comparative study. The majority of patients were within the threshold value of 30 pg/mL 13 or below, irrespective of the absence or presence of coexisting organic diseases, indicating that follicular maturation was suppressed during the follicular phase after EE/DRSP treatment ( Table 3 ). All except for one patient were within the threshold progesterone level value of 1.5 ng/mL 13 or lower in cycle 4, indicating that ovulation was inhibited (Table 3) . One patient who had higher estradiol and progesterone levels at cycle 4 had lower serum DRSP levels than the limit of quantification measured in cycles 2, 3, and 4, suggesting that this patient did not take the investigational product appropriately. Overall, the results suggest that the presence of specific coexisting organic diseases does not have an impact on the effect of EE/DRSP in suppressing follicular maturation or inhibiting ovulation.
In the Comparative study, the average of endometrial thickness decreased from approximately 12 mm at baseline to less than 6 mm by the end of treatment with EE/DRSP ( Figure 5 ). The decreases were almost equal in all patient groups irrespective of the absence or presence of specific coexisting organic diseases.
As previously described, 8, 9 the most common adverse drug reactions were headache and nausea, which are commonly reported with the use of estrogen/progestin hormonal combinations including oral contraceptives. Although dysmenorrhea, metrorrhagia, and genital hemorrhage were reported as adverse events in all subgroups, these events were reported at similar rates across the subgroups, in the ranges of 18.4%-25.0%, 21.4%-32.4%, and 14.3%-30.4%, respectively. Overall, the tolerability of EE/DRSP in treating dysmenorrhea was comparable across all the subgroups.
Discussion
In this additional analysis of data from two randomized trials conducted in Japan, treatment with EE 0.02 mg/DRSP 3 mg was shown to be effective and well tolerated in patients with dysmenorrhea irrespective of the absence or presence of specific coexisting organic diseases. EE/DRSP significantly improved activities of daily living, including schoolwork and housework, and shortened the number of days of analgesic use as measured by the total dysmenorrhea score. EE/DRSP also alleviated pain experienced during menstruation as measured by the VAS for dysmenorrhea score. In addition, marked improvements were observed in symptom severity of lower abdominal pain, low back pain, headache, and nausea or vomiting. These improvements were observed from cycle 1 and were maintained through cycle 4 in the Comparative study and through cycle 13 in the Long-term study. No clinically significant difference was observed in the effectiveness of EE/DRSP for dysmenorrhea when treating those with and without specific coexisting organic diseases. The finding that EE/DRSP is effective for treating patients with dysmenorrhea irrespective of the absence or presence of specific coexisting organic diseases may indicate that there is a common cause of dysmenorrhea that is independent of the existence of organic disease. It has been reported that oral contraceptives can prevent or improve dysmenorrhea directly by limiting endometrial growth and reducing the amount of endometrial tissue available for prostaglandin and leukotriene production, and indirectly by inhibiting ovulation and subsequent progesterone secretion. 4 In addition, it has been demonstrated that low-dose combined hormonal contraceptives can suppress uterine peristalsis and contraction during withdrawal bleeding in healthy women, including those with primary dysmenorrhea. 14 In the present studies, EE/DRSP suppressed increases in serum estradiol and progesterone levels, and decreased endometrial thickness in patients with # some patients had more than one coexisting organic disease; *one patient showed lower serum drospirenone levels measured in cycles 2, 3, and 4 than the limit of quantification, suggesting that the patient did not take the investigational product appropriately. Abbreviations: e 2 , estradiol; P, progesterone; ee/DrsP, ethinylestradiol/drospirenone. dysmenorrhea irrespective of the presence of endometriosis, uterine fibroids, and/or uterine adenomyosis. These results suggest that estrogen/progestin combinations inhibit follicular maturation and ovulation as well as endometrial proliferation, irrespective of specific coexisting organic diseases. Although a number of mechanisms have been proposed for the cause of dysmenorrhea-associated pain, it seems reasonable to hypothesize that uterine contraction induced by prostaglandins would be an important mechanism for the associated pain. EE/DRSP improves the symptoms of dysmenorrhea irrespective of the presence of specific coexisting organic diseases by suppressing prostaglandin production through inhibition of follicular maturation, ovulation, and endometrial proliferation.
The incidence and type of adverse drug reactions were similar to those that have been reported for other combined hormonal contraceptives. In the Long-term study, over 13 cycles the rate of discontinuation due to adverse events was 7.4%, which is also comparable with other combined hormonal contraceptives. 15 There were no meaningful differences observed in the incidence of adverse drug reactions between patients with dysmenorrhea without organic disease, and those with endometriosis, uterine fibroids, or uterine adenomyosis.
There are no studies that have examined the use of oral contraceptives for treating both primary and secondary dysmenorrhea. In general, combined oral contraceptives are recommended for the management of primary dysmenorrhea in women who wish to use contraception, 16 although a Cochrane review concluded that there is limited evidence to suggest that combined oral contraceptives can provide pain improvement. 17 The same review also highlighted that for secondary dysmenorrhea the underlying cause of the pain must be resolved. Results from this study and a recent preliminary study, 18 however, suggest that EE 0.02 mg/DRSP 3 mg may be a promising treatment for the management of endometriosis. This study also suggests that EE/DRSP may be a potential option in the management of uterine fibroids and uterine adenomyosis.
It should be noted that the numbers of patients in the specific coexisting organic diseases subgroups were small, particularly in the Comparative study, but similar results were observed in the Long-term study, which had more patients in these subgroups. In particular, evaluation of changes in total pelvic pain were difficult because of low baseline values, and changes in headache, nausea, and vomiting were also difficult because a high proportion of patients did not report these symptoms at baseline. In the Comparative study, there was a high response in the placebo group, with significant improvements observed from baseline for total dysmenorrhea score over all four cycles and VAS for dysmenorrhea scores in cycles 2, 3, and 4. Treatment with EE/DRSP did, however, produce significantly greater improvements in total dysmenorrhea score over placebo. Further studies are warranted in larger populations to confirm these findings in patients with specific coexisting organic diseases and to determine whether these observations are generalizable to other populations.
Conclusion
Regardless of the absence or presence of specific coexisting organic diseases, EE 0.02 mg/DRSP 3 mg significantly improved daily activities and dysmenorrheic pain as compared with placebo or baseline levels in patients with dysmenorrhea in both short-term (16 weeks) and long-term (52 weeks) use. EE/DRSP was shown to inhibit follicular maturation and ovulation as well as endometrial proliferation, irrespective of coexisting organic diseases. Therefore, EE/ DRSP may be used for the treatment of both primary and secondary dysmenorrhea.
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